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APPARATUS FOR SUPPLYING POWER TO A SENSOR 

5 Cross-Reference to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE02 /00321 , filed January 30, 2002, which 
designated the United States and was not published in English. 

10 Background of the Invention : 
Field of the Invention : 
The invention relates to an apparatus for supplying energy, 
for example, to a sensor-. The apparatus includes a deformable 
piezoelectric transducer for supplying an electrical voltage. 

15 

An apparatus such as this is known from International 
Publication WO 98/36395. The known apparatus describes a wire- 
free switch that uses process energy from finger pressure to 
produce a piezovol tage . A coding that corresponds to the 

2 0 ambient temperature can be applied to the radio- frequency 
signal that is produced by the switch. Furthermore, a 
mechanical operating apparatus with a beyond dead center 
spring can be used to produce a high piezovoltage and which, 
when loaded beyond the dead point, acts suddenly on the 

25 transducer with the mechanical prestress that has been set. 
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Summary of the Invention : 

It is accordingly an object of the invention to provide an 
apparatus of the type mentioned initially which, in a simple 
manner, converts available process energy to electrical energy 
5 for operating a sensor. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an apparatus for 
supplying power. The apparatus includes a mechanical energy 
storage device and a deformable piezoelectric transducer for 
supplying an electrical voltage upon being bent by deformation 
work emitted by said mechanical energy storage device. 

The invention uses a piezoelectric transducer that can be bent 
by the mechanical energy which is emitted from the energy 
storage device, in particular in the form of deformation work. 
The deformation of the piezoelectric transducer causes a shift 
in the positive and negative charge centroids in the 
piezoelectric material, and this is used as an electrical 
voltage, in particular for operating the sensor. 

The piezoelectric transducer is designed to be passive, that 
is to say it does not itself produce any significant 
deformation work for operating the apparatus, but is used 
2 5 primarily for electromechanical energy conversion. Energy is 
in this case typically introduced into the energy storage 
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device. from the outside, for example by a mechanical operation 
on the energy storage device, and is emitted to the transducer 
at another point in the energy storage device. 

5 This results in an energy-autonomous sensor which uses 

available process energy to obtain the energy that is required 
for its own operation, that is to say for carrying out 
measurements and for transmitting the measurement variables. 
The process energy may in this case be, for example, 
10 mechanical energy that is applied during operation of a switch 
that is coupled to the mechanical energy storage device, and 
that is converted to electrical energy by the piezoelectric 
transducer . 

15 The transducer is preferably formed as a bending transducer, 
in which case one end of the transducer can be bent with 
respiect to another end that is held fixed. The end of the 
transducer that can be bent can preferably be bent in two 
opposite directions. It is particularly advantageous for the 

20 bending transducer to be in the form of a rod having opposite 
rod ends . 

The transducer may be composed of two or more piezoelectric 
partial elements, which are connected in series or in 
25 parallel. The crystal structure of the piezoelectric material 
is arranged such that, when the transducer is bent, this 
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results in as great a charge separation as possible, that is 
to say a shift in the positive and negative charge centroids 
in the piezoelectric material . The transducer can preferably 
be bent between two end positions. 

5 

The energy storage device that is used for storing the process 
energy may be designed such that it emits the stored energy in 
the form of deformation work to the transducer when the 
storage capacity is exceeded. The storage capacity of the 
10 energy storage device may be defined as the switching point 
when, for example, a connected sensor is used as a switch or 
switching element, in particular as a remote radio switch 
without a battery. ■ 

15 The energy storage device is preferably in the form of a 

mechanical energy storage device, for example, a mechanical or 
pneumatic spring. The storage capacity of this spring is 
preferably predetermined by a dead point. Passing beyond this 
dead point results in the stored process energy being released 

20 and transmitted as deformation work to the energy converter. 

While the process energy is acting on the energy storage 
device, this energy is temporarily stored without any 
deformation work being carried out on the transducer. The 
2 5 storage 'continues until the storage capacity is reached. The 

stored energy is then emitted in a short time in order to bend 
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the transducer when the storage capacity is exceeded, that is 
to say at the dead point of the spring. The bending of the 
transducer therefore does not depend on the profile or on the 
influence of the process energy. The deformation work on the 
5 transducer is, in fact, carried out on the transducer at a 
defined time or switching point. The process energy can also 
be temporarily stored in the form of weight. 

The operation of the energy storage device is not restricted; 

10 it can thus be switched directly manually, via a mechanical 
coupling apparatus or via other movable elements such as 
thermomechanical elements. It can also be deformed via a 
coupling other than the mechanical coupling, for example by an 
electromechanical , magnetic , electrostatic , magnetostrictive 

15 or electrostrictive coupling. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

2 0 Although the invention is illustrated and described herein as 
embodied in an apparatus for supplying power to a sensor, it 
is nevertheless not intended to be limited to the details 
shown, since various modifications and structural changes may 
be made therein without departing from the spirit of the 

2 5 invention and within the scope and range of equivalents of the 
claims. 
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The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
5 of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 

Fig. 1 is a schematic drawing of an exemplary embodiment of 
10 the invention; 

Figs. 2A-2C are are schematic drawings showing various 
operating positions of the exemplary embodiment; and 

15 Fig. 3 is a flowchart for explaining the operation of the 
exemplary embodiment. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
20 first, particularly, to Fig. 1 thereof, there is schematically 
shown, an exemplary embodiment of the invention. There is a 
sensor 1 that can detect measurement variables, for example, 
temperature, pressure and the like, and passes these 
measurement variables by radio, for example, to an evaluation 
25 device which is not illustrated in any more detail. The sensor 
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1 may also be in the form of a switch, in particular, a remote 
radio switch without a battery. 



In order to supply energy to the sensor 1, -available process 
5 energy is converted to electrical energy, in particular to an 
electrical voltage, which is used for operation of the sensor. 
A piezoelectric transducer 2 in the form of a rod or with a 
similar elongated shape, for example in the form of a 
platelet, is provided for this purpose. One rod end 5 of the 

10 piezoelectric transducer 2 is clamped in firmly, while it is 
designed such that it can bend at its other rod end 4. The 
transducer (bending transducer) may be composed of two or more 
piezoelectric partial elements, which are connected in series 
or in parallel. When the transducer 2 is bent, positive and 

15 negative charge centroids are shifted as a result of the 
piezoelectric effect in the piezoelectric material. This 
results in an electrical voltage (piezovoltage) being produced 
on the transducer 2, and this is used for operation of the 
sensor 1 . 

20 

The transducer 2 is designed such that it can be bent in both 
directions between two end positions, which are defined by 
mutually opposite contact surfaces 6. The contact surfaces 6 
make it possible to achieve an optimum bending profile. The 
2 5 contact surfaces 6 may be provided on the apparatus which is 
used to fix the first rod end 5. 
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The energy storage device 3, which is used for- temporarily 
storing the process energy, is preferably designed such that 
it has a specific storage capacity. When this storage capacity 
5 is exceeded, the stored process energy is emitted in the form 
of deformation work to the transducer 2, so that the 
transducer 2 is bent. In the illustrated exemplary embodiment, 
a mechanical spring -which has a dead point 7 (Fig. 2B) is used 
for this purpose. The mechanical dead point 7 defines the 

10 storage capacity of the energy storage device 3, which is in' 
the form of a spring. The process energy which acts on the 
spring, for example the mechanical energy which is applied in 
order to operate a switch, is stored, thus resulting in the 
spring becoming increasingly stressed. This operating state is 

15 illustrated in Fig. 2A. The rod end 4 which can be bent 

remains in its stable end position, which is illustrated in 
Figs. 2A and 2B until the spring reaches its mechanical dead 
point 7. When it passes beyond the mechanical dead point 7, 
that is to say when the storage capacity is exceeded, the 

20 power which is stored in the spring is emitted in a short time 
as deformation work to the transducer 2, and this results in 
each rod end 4, which can be bent, being bent to the other end 
position, which is located at the top as illustrated in Fig. 
2C. The two end positions for the bending transducer are 

2 5 governed by the contact surfaces 6, in the illustrated 

exemplary embodiment. The double-headed arrow 8, which is 
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shown in Fig. 1, shows the operating directions of the process 
energy acting on the spring (energy storage device 3). 
According to this, the rod end 4 of the piezoelectric 
transducer 2 which can be bent is moved in both directions 
5 between the two end positions. The rod end 4 which can be bent 
in this case remains in its respective initial position until 
the dead point 7, that is to say the storage capacity of the 
spring which forms the energy storage device 3, is exceeded, 
and the stored energy is transferred as deformation work to 
10 that rod end 4 which is bent around the other end position. 

This results in an energy supply that is obtained from 
available process energy -for a sensor 1, which is made to be 
energy-autonomous, with relatively high efficiency. A compact 

15 . design can be achieved for the arrangement of the 

piezoelectric transducer 2 and of the energy storage device 3. 
When a spring is used as the energy storage device 3, this 
results in the dead point position of the spring forming a 
switching point that is mechanically defined in a simple 

2 0 manner for producing the electrical energy that is required 
for operation of the sensor. 

As can be seen from Fig. 3, the process energy in the 
illustrated exemplary embodiment is stored in an energy 
2 5 storage device, in particular a mechanical energy storage 
device, until the storage capacity of the energy storage 



- P2002, 0303 

device 3 is reached. When using a mechanical spring, this 
storage capacity may be defined by the dead point 7 . When the 
storage capacity is exceeded, or the energy storage device 
moves beyond the dead point 7, deformation work is released 
5 from the energy storage device in order to bend the 

piezoelectric transducer. The shift in the positive and 
negative charge centroids that result from this in the 
piezoelectric material results in the electrical energy source 
for operation of the sensor 1, which is made to be energy- 

10 autonomous in this way. The sensor 1 is connected to the 
transducer 2 via an electrical connection 9. The storage 
capacity and the dead point 7 may in this case act as a 
defined switching point or switching time. One preferred 
application for the apparatus is for a remote radio switch 

15 without a battery. 
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